Performance records for 223 boars and gilts in Duroc and Yorkshire Selected and control lines and for 231 boar and gilt progeny from reciprocal breed crosses were analyzed to evaluate (1) maternal effects, (2) effects of mass selection in purebreds on performance of crossbred progeny and (3) heterosis effects. Selection of purebred herd replacements was based mainly on an index (Index) of average daily gain (ADG), average scan backfat thickness (BF) and scan longissimus muscle (loin eye) area (LEA) among tested pigs. Mixed models were fitted separately to the purebred and crossbred populations, including effects of breeding group, sires within breeding group, sex, pertinent interactions and residual on Index and its component traits, ADG, BF and LEA. Crossbred pigs from Yorkshire dams had slightly larger (P<.10) LEA's and higher (P<.05) Indexes, suggesting a small maternal effect favoring Yorkshire dams over Duroc dams in crosses of these breeds. Crossbred pigs from Yorkshire dams also had a higher ADG and slightly less BF than crossbred pigs from Duroc dams, but the differences were not significant. Selection differentials were over three times as large for sires as for dams in purebreds and were substantially larger in 
Introduction
Numerous research studies have been conducted to evaluate crossbred performance in swine relative to that of purebreds (Young et al., 1976; Johnson, 1980; Schneider et al., 1982) . The main incentive for the wide use of crossbreeding in commercial swine production has been the generally improved performance of crossbreds over purebreds, expressed as heterosis. Significant heterosis has been reported for litter productivity traits, fo r pig survival and for postweaning gain, but essentially none has been reported for body composition traits such as backfat thickness or longissimus muscle area.
Conflicting evidence on maternal effects, expressed in reciprocal crosses, on various swine traits also has been reported (Bereskin et al., 1971; Young et al., 1976; Schneider et al., 1982) . Another question of longstanding importance in swine breeding is how best to genetically improve performance of crossbreds (Dickerson, 1952) . The role of selection in purebreds as a means of improving performance of their crosses has been the subject of only a few studies with swine (England and Winters, 867 1953; Louca and Robison, 1967; Stanislaw et al., 1967) .
The main objectives of this study were to obtain new evidence concerning heterosis and reciprocal effects on growth rate and body composition traits in swine and to evaluate the effects of selection in purebreds on the performance of their crossbred progeny.
Materials and Methods
Animals and Management. Foundation animals for the Beltsville selection study were purchased from established purebred Duroc and Yorkshire breeders in 1973. A broad representation of pedigree lines was included among the 32 young gilts and 12 boars purchased in each breed. Initial litters were farrowed in the spring and fall of 1974. Selected (select) and control lines were established with the 1975 litters to assure a close relationship between the two lines of each breed in each season. The succeeding discussion concerns only pigs farrowed in the fall season, because selection in the spring season was based on sow productivity traits.
In fall-farrowed lines, selection of replacement boars and gilts was based mainly on an index of pig performance among tested pigs, described in the next section, with the higher indexing animals retained in the select lines of each breed. In control lines, the intent was to retain for breeding those animals that averaged close to the mean of all tested in that line, sex and season. Individual animals varied above or below the mean of those selected in each subgroup. Feet and leg soundness, underlines and reproductive anatomy also were considered in selecting all replacement boars and gilts in each line each generation. From six to eight boars and 20 to 24 gilts were used for breeding in each line each generation.
Once established, all lines were kept closed during the initial selection phase of the experiment. A new generation was produced each year. Inbreeding was kept at a low level, 2% or less per generation, by avoiding close matings. Average inbreeding levels were maintained to be about equal in select and control lines and between breeds.
Selection was initiated among pigs tested in fall of 1975 and continued through the fall of 1978, the last generation of closed purebred lines. The select lines of the two breeds were then reciprocally crossed, as were the control lines of the breeds, to produce fall 1979 crossbred litters. Litters had access to a creep feeder from 2 to 6 wk of age, when they were weaned. The standard test period extended from 8 wk of age to a final weight of 90.7 kg. All pigs were fed ad libitum a balanced 16% protein diet in pelleted form during the test period. Gilts were tested in groups of two to four littermates/ .pen, with boars grouped either four or eight/ pen, mostly from different litters. All test pigs were housed on solid concrete floors with straw used as bedding. Due to space limitations and replacement needs, fewer boars than gilts were tested in each line, but for both sexes, only healthy, thrifty pigs were selected from representative litters at weaning to be put on test.
In fall 1977, a severe outbreak of a reproductive viral infection in pregnant gilts resulted in numerous litters with excessive numbers of stillborn pigs and mummified fetuses. Also, dysentary affected numerous litters, resulting in further losses. The net effect was severe reduction in available replacement pigs, producing essentially zero selection differentials for that generation.
Preliminary Statistics. The performance index (Index) used included adjusted average daily gain on test (ADG, kg/d), average backfat thickness (BF, cm) and longissimus muscle (loin eye) area (LEA, cm~). Backfat thickness and LEA were measured from ultrasonic photos recorded on polaroid film, taken when pigs were removed from test at 90.7 kg. Backfat was the average thickness along the mid-back at about the first and tenth ribs and last lumbar vertabra. Loin eye area was the estimate at about the tenth rib. Actual ADG on test was adjusted for differences in starting weight by the equation, Adjusted ADG = actual ADG-.018 (starting weight, kg -average starting weight, kg). Average starting weight was that for pigs of the same sex in the same season. The adjustment regression coefficient was derived from an unpublished analysis with a model that also included the effects of breed, sex and year-season on actual ADG. Index = 25 + 143 ADG --47 BF + 2.6 LEA. Records included were from 223 pigs tested in fall 1978 and 231 in fall 1979 (table 1). All 1978 pigs were purebreds and all 1979 pigs were crossbreds, with zero inbreeding. Inbreeding of purebred pigs averaged 5.5%, with a range of 2.4 to 8.4%, based on pedigrees. Due to these low levels, the effect of inbreeding was not included in any analysis. Analyses of variance, least-squares (LS) means and differences, with standard errors, and correlations were all computed with Harvey's mixed model computer program (Harvey, 1977) .
Separate analyses of variance were computed for purebred and crossbred pigs. The assumed model for purebreds included effects of the discrete (design) variables breed-line, sires within breed-line, sex of pig (boar or gilt), interaction of sex with breed-line and residual. A similar model was assumed for crossbreds, with breed of sire-line in place of breed-line. Sires and residual were considered random effects, with other effects considered fixed. Sire variance was used as error term for breed-line and breed of sire-line, with residual variance used as error for sires and the other categories of variance.
Results and Discussion

Analysis of Variance. Presented in table 2
are analyses of variance for purebred and crossbred pigs. Among purebreds, breed-line groups varied (P<.01) for all traits except BF, whereas among crossbreds, breed of sire-line groups varied (P<.01) only for ADG, not for LEA or Index and only marginally for BF (P<. 10). Paternal half-sib groups varied (P<.01) for all traits except LEA among purebreds and for all traits among crossbreds.
Among purebreds, no trait was affected by interaction of sex • breed-line. Among crossbreds, only LEA was affected (P<.05) by interaction of sex • breed of sire-line. Gilts were larger in LEA than boars in all groupings except in the Duroc sire-select line, where boars slightly exceeded gilts in LEA.
Residual variances were similar in purebreds and crossbreds for ADG and BF, with residual being considerably larger in purebreds for LEA and Index. Also, R 2 was larger in purebreds for ADG and Index, but was larger in crossbreds for BF and LEA. Thus, no major or consistent differences in overall or residual variability were noted between the purebred and crossbred populations. No comparable statistics were noted in the literature.
Least-Squares Means and Differences. Shown
in tables 3 and 4 are LS means and differences from the analyses of variance (table 2). The overall LS means for the two populations were similar for ADG, but BF was thicker, LEA was larger and Index was lower in purebreds than in crossbreds.
Among purebreds, boars had greater ADG, less BF, smaller LEA and higher Index than gilts (all except LEA, P<.01). Similar comparisons of boars with gilts were noted among aTotal purebreds = 223; total erossbreds = 231. 9 .-.o ~ crossbreds. Hetzer and Miller (1972) and Cleveland et al. (1982) Bereskin et al. (1971) for BF. It is not likely that transmitted genetic contributions of sires and dams to their crossbred progeny would differ greatly, assuming no cytoplasmic inheritance. However, both transmitted and direct maternal effects contribute to differences in breed of dam, but not to differences in breed of sire. Thus, assuming equal sampling of the two breeds, this study provides further evidence for a small but apparently consistent direct maternal effect favoring Yorkshire dams over Duroc dams in major economic traits in crosses of the two breeds. (table 5) were computed for the four traits from the residual lines of the analyses of variance of the purebreds and crossbreds and from the two analyses pooled. No major or Consistent differences were noted in the respective coefficients from the two populations. The pooled phenotypic correlation of ADG with BF, .36 (P<.01), compares with .28 reported by Bereskin and Davey (1978) and with .25 recommended by the USDA (1981) for use in computing a performance index for central testing stations.
Pbenotypic Correlations. Phenotypic correlations
The pooled correlation of ADG with LEA, --.06, compares with -.11 by Bereskin and Davey (1978) . The pooled correlation of BF with LEA, --. 16, compares with -. 34 by Swiger et al. (1979) and with -.07 by Bereskin and Davey (1978) . In this study, ADG, BF and LEA were each highly correlated with Index, which was based upon these three traits.
Selection and Heterosis Effects Previous Studies. Mixed results have been
reported from the few studies with swine concerning effects of intrapopulation (IP) mass selection in purebreds on the performance of their crossbred progeny. England and Winters (1953) reported that better performing inbred lines produced better performing crossbred progeny. This result was credited to concentration of favorable genes from selection in the inbred lines. Stanislaw et al. (1967) analyzed components of covariance of half-sib sire families in purebreds and crossbreds. They concluded that improvement of crossbreds from IP mass selection in both sexes within purebreds would be greater per generation for 56-d weight and probe BF than that achieved by reciprocal recurrent selection (RRS). However, RRS would be more effective for improving ADG in crossbreds. Louca and Robison (1967) compared sire and dam components of variance in purebred and crossbred populations. They concluded that nonadditive gene action was involved so that selection for specific combining ability, rather than for purebred performance, would be more effective for improving crossbred performance. In this study, effects of IP mass selection in purebreds on the performance of crossbred progeny are evaluated by comparing the performance of the two populations in view of the selection practiced among the purebred parents and the effects of heterosis.
Selection Differentials. In computing actual
and standardized selection differentials realized among purebreds, each sire's and each dam's contribution was weighted by the number of crossbred progeny-boars or gilts-actually tested. Selection differentials were computed separately for sires of boars, sires of gilts, dams of boars and dams of gilts and then averaged for sires and dams in select and control lines separately (table 6) .
In select lines, average selection differentials for sires were at least three times larger than those for dams, except for LEA, where values were similar in size. Average selection differentials in control lines were generally much smaller than those in select lines, except for LEA, for which values were similar. In addition, control line selection differentials for BF and Index were in an unfavorable direction. Also in table 6 are theoretical maximum standardized selection differentials based on single trait truncation selection for the proportion selected of those tested and having tested progeny (Pearson, 1931) . For sires and dams, for select and control lines and for all traits, realized standardized selection differentials were far smaller than theoretical maximum values. This result was expected in view of the fact that actual selection criteria included an index as well as qualitative evaluation of physical features. The results especially indicate the very weak selection practices among gilts, particularly for ADG, BF and Index. Among purebreds, select lines performed to an advantage over control lines for all traits, but differences were significant (P<.O1) only for LEA and Index. In crossbreds, select lines performed to an advantage over control lines for ADG (P<.01), LEA (P<.10) and Index (NS), but were at a disadvantage (P<.05) for BF. Thus, the higher performance levels by purebred select lines over control lines for ADG, LEA and Index were maintained in their crossbred progeny.
However, the select line advantage over controls for BF in purebreds changed to a disadvantage in the crossbreds.
Index was the primary selection trait, with select lines exceeding controls by 16.72% in purebreds. The average actual selection differential in select lines was +6.79 index units, compared with --1.17 units in the controls. Yet the increase in index from purebreds to crossbreds was twice as much in control lines as in select lines, resulting in a reduced select line advantage of 6.45%. For LEA, similar mild positive selection pressure was applied in both the select and control line purebreds. However, performance declined nearly equally in both select and control lines of the crossbreds.
Heterosis Effects, Shown in table 7 are heterosis percentages for the four traits. Heterosis was opposite in sign between select and control lines for ADG, being advantageous in select lines, but disadvantageous in control lines, (see also figure 1). Heterosis was about zero for BF in select lines, but highly negative (advantageous) in control lines. Heterosis was negative (disadvantageous) for LEA in both the select and control lines. Heterosis was positive for Index in both the select and control lines, Although selection differentials were very small in control lines, they were in favorable (desired) direction for ADG and LEA and in an unfavorable direction for BF and Index. Yet the resultant heterosis was substantial but opposite in direction to the selection applied for all four traits.
In the select lines, selection differentials were larger than in the control lines, but heterosis was still opposite to the direction of selection for BF and LEA. Apparently, heterosis achieved might be largely independent of both level of performance and intensity or direction of selection applied.
Components of Variance.
The sire components of variance from the purebred and crossbred populations are presented in table 8. For each trait, the component is larger in the crossbreds than in the purebreds. However, the sire component of variance in the crossbred population is not an unbiased estimate of one quarter of additive genetic variance because level of dominance and gene frequency differences between the two parent populations will contribute to the total variance realized in the crossbreds (Dickerson, 1963) . Louca and Robison (1967) reported that the sire component of variance was larger in purebreds than in crossbreds sampled for weight at 154 d and probe BF. Stanislaw et al. (1967) reported that the sire component was slightly larger in crossbreds than in purebreds for ADG, but the reverse held for probe BF. The present results indicate that substantial nonadditive genetic variance, including dominance, contributes to the observed responses of the crossbred population. However, the level of dominance effects, whether partial or overdominance, could not be ascertained.
Conclusions
Based on the present results, the following tentative conclusions are offered: (1) Performance levels in purebred strains generally are refleeted in performance levels of their crossbred progeny. (2) However, genetic correlations, gene frequency differences, nonadditive genetic effects and sampling variation in finite populations may significantly modify the performance of particular traits in a particular crossbred population, to preclude precise estimates of responses in crossbreds to purebred selection. (3) Evidence from sire components of variance of substantial nonadditive genetic variance suggests good opportunities for selection in purebreds for specific combining ability. (4) Heterosis effects for a specific trait apparently cannot be precisely predicted in a particular
